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Non-Technical Summary
Decomposing sources of growth in a growth accounting framework relies heavily on price measures as proxies for input productivity. We show how different price measures affect the contribution of investment to growth in labor productivity and determine the share of this contribution that results from improved quality of ICT capital. The price measures we consider are the rate of return to capital and the rate of decline in ICT asset prices. If they represent productivity in an undistorted way, their effects correspond to the effects of marginal productivity of capital and embodied technological progress. The analysis is based on data from the EU KLEMS database for seven countries in the period of 1990−2007. Our aim is to disentangle the effect of the overall level of the rate of return and the overall decline in ICT prices from the effect of differences in these measures across countries, sectors and time. While it is plausible to consider that the overall level reflects economic and technological conditions, we presume that the differences are at least more prone to measurement error.
Alternatively to the measures from the EU KLEMS database, we introduce a constant real rate of return to capital of 4% and a rate of decline in ICT asset prices equal to the US average between 1990 and 2007. The sensitivity analysis reveals that most growth accounting results with data from the EU KLEMS database are comparatively robust. Solely for the period from 1995 − 2000 we obtain a substantial decline in capital contributions in both the UK and the US using the constant rate of return to capital. This in turn points to a greater contribution of multi-factor productivity. The decrease in the contribution of non-ICT capital is more pronounced than the decrease in the contribution of ICT capital. As the constant rate of return, alternative ICT deflators somewhat downplay the role investment played relative to growth in multi-factor productivity in the UK and the US during 1995 − 2000.
The second main element of our paper is the decomposition of ICT capital contributions into contributions of quantity, quality and the change in the composition of ICT capital. The latter describes variations in the shares of hardware, software and telecommunications equipment in total ICT capital. We show that more than half of the ICT contribution to labor productivity growth results from changes in quality and the composition of capital. Between 2000 and 2007, the contribution of ICT quantity is close to zero in some countries, while replacement of depreciated capital goods leads to a positive contribution of quality. 
Das Wichtigste in Kürze

Introduction
Empirical studies attribute the US growth acceleration in the mid-1990ies to the revolution in the field of information and communication technologies (ICT) . Both the ICT producing sector and ICT investment in other sectors were larger in the US than in continental Europe. After 2000, the US continued to grow faster than many European countries, but the sources of growth shifted to a broader range of sectors. ICT-intensive service industries such as business services and trade experienced fast productivity growth (see e.g. Van Ark et al. (2008) ).
Most of these studies use growth accounting, which decomposes growth in labor productivity into the contributions of ICT and non-ICT capital deepening and a residual measure of multi-factor productivity (MFP) growth. The contributions of capital deepening depend crucially on the way one measures capital and its productivity. In this paper, we ask to which extent the contributions of ICT and non-ICT capital depend on prices rather than investment quantities. If price measures correctly reflect productivity, their effects correspond to the effects of marginal productivity and embodied technological progress. In particular, we want to know to which extent the high contributions of ICT capital in some countries during 1995 − 2000 are driven by high capital remuneration and rapid increase in the quality of ICT capital goods.
We focus on two price elements that play an essential role the computation of the contribution of capital to labor productivity growth: the rate of return to capital and the price deflation of ICT assets. Both enter the user cost of capital, which is assumed to reflect its marginal productivity. The user cost of individual assets is employed when aggregating them to ICT and non-ICT capital. The user cost of total ICT and non-ICT capital in turn enter the output elasticities that are used in growth accounting. Moreover, the ICT price deflator is used to convert nominal into real measures of ICT investment. In the standard growth accounting approach, the return to capital is computed as a residual, subtracting labor income from value added. ICT price deflators used nowadays, as those used in the EU KLEMS database, are based on hedonic methods or similar approaches that take into account the rapid quality change of IT hardware (and to a lesser extent of software and telecommunications equipment). The higher the measured quality change, the higher the increase in real ICT capital services and their contribution to growth. The change in hedonic deflators relative to general inflation represents a measure of embodied technological progress, because the difference accounts for the fact that a given amount of real monetary ICT investment becomes more productive over time.
The theoretical and practical shortcomings of available measures for the relevant rate of return and for ICT prices are well-known. Computations of capital services and contributions to growth under alternative assumptions have been undertaken in different previous studies. But there has been little systematic investigation whether the conclusions from cross-country growth accounting change in an economically meaningful way when introducing alternative measures of returns to capital and ICT prices. We explicitly focus on how different rates of return influence contributions to growth from ICT and non-ICT capital. Moreover, we single out embodied technological change in the ICT contribution.
In contrast to previous research, we do not intend to propose a particular improved measurement in this paper. We introduce a minimalistic measurement into a growth accounting setting and compare the results to those obtained with the EU KLEMS data. We do not argue that our measures are superior in any way. We rather consider that this exercise will improve the understanding of what drives the observed differences in the contributions of capital deepening and MFP across countries and time. The sensitivity analysis may be useful in detecting these influences, independently of the underlying reasons being measurement error or real differences in productivity and capital quality. Our aim is to disentangle the effect of the overall level of the rate of return and the overall decline in ICT prices from the effect of differences in these measures across countries, sectors and time. While it is plausible to consider that the overall level reflects economic and technological conditions, we presume that the differences are at least more prone to measurement error. Introducing a constant rate of return to capital and a constant decline in ICT investment prices, we conduct growth accounting and consider the change in aggregate and sectoral contributions to growth. In addition, we split up the ICT contributions to labor productivity growth into a quantity, a composition and a quality component. Our main results are that both the constant rate of return and the constant ICT price decline somewhat downplay the role investment played relative to growth in multi-factor productivity (MFP) in fast growing countries during 1995 − 2000. Moreover, we show that more than half of the ICT contribution results from growth in quality rather than quantity.
Previous Literature
We combine several approaches that have been introduced in the literature to investigate the role of rates of return, ICT investment deflators and changes in capital quality. Diewert (2001) evaluates 12 models for the measurement of capital services that differ in assumptions concerning rates of return, depreciation rates and investment price indices. In one specification he introduces a constant real rate of return of 4%, which is close to the long-term OECD average. His analysis shows that rates of return and price indices are more important than depreciation rates in determining capital services. Oulton (2007) and Oulton and Rincon-Aznar (2010) propose a hybrid method of using rates of return to capital in a growth accounting framework. They suggest computing capital services using ex-ante (external) weights and the contribution to output growth using the ex-post (internal) income share of capital. Computing rates of return from a residual measure of capital income, Oulton and Rincon-Aznar (2010) find that they remain fairly constant across countries and time (with the exception for implausible overall magnitudes in Italy and Spain), while exhibiting implausible variation across sectors. Schreyer (2010) analyses the computation of capital services and contributions to growth with external rates of return from a theory-based perspective. As potential causes for the gap between the residual rate of return and the marginal productivity of capital he discusses mark-ups over producer cost, increasing returns to scale and unmeasured assets. His aim is to "define a computable measure of productivity growth while allowing for the fact that it may reflect more than pure technology shifts" (p.20). We will follow this approach by introducing an external rate of return to capital and compute a MFP measure that corresponds to what he terms apparent multi-factor productivity. Apparent MFP is derived assuming that the cost function is linearly homogeneous in inputs and non-decreasing. This assumption does not imply the usually imposed constant returns to scale of the production function. Factor markets are assumed to be competitive while firms may charge a variable mark-up over costs in selling their products. In addition, the approach allows for the presence of unmeasured inputs. Under these assumptions, it is possible to derive a cost-based MFP measure using an external rate of return to capital. Apparent MFP not only includes the effects of technological progress shifting the production function but also the effects of non-constant returns to scale, mark-ups and unmeasured inputs. Under additional assumptions, it is possible to disentangle these effects and identify a measure of pure technological change. Implementing several of these measures, Schreyer (2010) finds only a small difference to apparent MFP and recommends the latter measure as a pragmatic and relatively robust way of measuring MFP. Inklaar (2010) considers the role of land, inventories and intangibles in calculating capital services. He proposes to use a measure of the weighted average cost of capital for the rate of return, taking into account both equity cost and debt cost. Previous studies used simpler measures, which might not reflect the cost of capital as precisely but are easier to implement in a context with many sectors and countries.
With regard to ICT deflators, Schreyer (2002) advocates the use of price deflators "harmonized" to the one in the U.S., where quality-adjusted measures are considered to be best implemented. Harmonization means that the decline of ICT prices relative to non-ICT capital prices is assumed to be identical in all countries, following the movement observed in the U.S. This method is also used in the EU KLEMS database for those countries without adequate national measurement of ICT prices. If this approach is used at the level of different ICT categories (hardware, software, telecommunications), aggregate real price decline may still differ across countries as a result of a different mix in ICT capital. If aggregate ICT deflators are used, these differences are masked as well as potential influences of national market structures. Schreyer (2010) argues that the possible measurement error due to the usage of a harmonized price index is still smaller than the bias arising from comparing capital services computed with national deflators. When it comes to measuring GDP, the problem is not as important according to Schreyer (2002) , since the effects of different deflators on domestically produced and imported ICT are partly offsetting. Sectoral output may, however, be affected in a more notable way.
Growth accounting does not offer insight into the deep causes that represent exogenous parameters in theoretical models. In particular, it does not account for determinants of capital accumulation. Embodied technological change has been modeled in the context of equilibrium growth accounting, which takes into account the response of investment to technological change. In this paper, we compute a measure of embodied technological change only in the context of statistical growth accounting (for a discussion of statistical versus equilibrium growth accounting, see Cummins and Violante (2002) ). The aim is to obtain results that remain comparable to standard growth accounting, which despite its limited scope still plays an influential role in informing economic policy.
In order to assess the contribution of ICT capital quality, we rely on an approach first mentioned by Jorgenson (2001) . Colecchia and Schreyer (2002) describe this method in more detail and apply it to a set of nine OECD countries. They evaluate changes in the quality of aggregate capital stemming from the shift in its composition towards highly productive but more short-lived assets. The effect of this compositional change is obtained as the difference between the change in capital services and the change in the capital stock, or, in other words, as the difference between measures of growth in capital input based on user costs and based on nominal asset shares. In addition, Bassanini and Scarpetta (2002) identify the effect that results from improved quality of capital through technological progress. These quality changes within categories of assets are measured by comparing the evolution of hedonic asset prices to the evolution of real acquisition prices.
Data and Growth Accounting Methodology
Basic Framework
The main data source used for our research is the November 2009 release of the EU KLEMS database.
1 It consists of output data on a detailed industry level and, more importantly, in-depth capital input data for eight different types of assets. They are usually grouped into ICT (hardware, software, telecommunications) and non-ICT assets (machinery etc.). The seven countries with sufficient coverage of input and price data for our analysis are Australia, Austria, Germany, Italy, Spain, UK and US. Time series for Germany start in 1991.
Under the usual assumptions of competitive markets and constant returns to scale, industry-specific growth in real value added may be decomposed into the weighted sum of growth of inputs plus growth in multi-factor productivity M F P :
where L j stands for labor input in sector j, K
ICT j
for ICT capital input and K N ICT j for non-ICT capital input. Instead of output growth, we may use a similar expression for labor productivity growth y, which is derived as output Y over hours worked H:
where ∆ ln l L j is the growth rate of labor input per hour, ∆ ln k
and ∆ ln k N ICT j the growth rate of ICT and non-ICT capital per hour worked. The two period average share of ICT capital compensation in total factor compensation is calculated as follows:
where LAB j,t denotes labor compensation in industry j, q k,j,t user cost of asset k and A k,j,t real stock of asset k. Shares of other factors of production are obtained in an analogous way. If we use external measures of capital compensation, this leads to a cost-based measure of MFP that can be identified under the assumptions described in Schreyer (2010) .
When aggregating over industries, we employ the direct aggregation approach of growth accounting as in Inklaar et al. (2005) :
wherev Y j is the two period average share of industry j in nominal aggregate value added. The term R is called reallocation of hours, which incorporates the difference between the share of an industry in aggregate value added and in hours worked. The industry specific growth rate of ICT capital services is calculated as follows:
wherew ICT k denotes the two-period average share of asset k in ICT capital compensation:
To calculate the shares in capital compensationw k as in equation (6) andv ICT j as in equation (3) we need values for the user cost q j of asset k at time t:
Equation (7) comprises the nominal rate of return i, the rate of depreciation δ and the asset revaluation term p k,t − p k,t−1 .
4
The real capital stock is calculated using the perpetual inventory method (PIM):
with I k,j,t the nominal investment and p k,j,t the hedonic investment price index of asset k at time t.
Specifications Used in Sensitivity Analysis
The sensitivity analysis of the contributions of ICT capital, non-ICT capital and multifactor productivity to labor productivity under alternative rates of return in equation (7) is carried out using two different nominal rates of return i j,t :
The internal rate of return of the EU KLEMS database
This rate of return is calculated in a two-step procedure via an ex-post method. The first step consists of computing the industry-specific total capital compensation, which is obtained as a residual:
where V A denotes value added and LAB labor compensation. The nominal rate of 3 See Jorgenson (2005) pages 154-155. 4 In practice, we follow EU KLEMS and smooth the asset revaluation term of the user costs formula:
return i for industry j is then defined as:
where p I j,k,t , δ j,k and A j,k,t are the investment price index, the depreciation rate and the real stock of asset k.
A 4% external real rate of return plus country-specific inflation
Our approach for an external rate of return is based on a 4% real rate of return 5 combined with a 5-year centred moving average growth rate of the consumer price index (CPI 6 ):
This goes back to Diewert (2001) and does not lead to industry-specific rates of return.
Our second focus is on the sensitivity of growth accounting results to different ICT investment price indices p k,j,t . They appear in equations (7), (8) and (10) of the growth accounting setting. Again we first consider the values from EU KLEMS. As alternative measures we introduce two economy-wide price indices for IT, CT and software investments, which are inspired by Oulton's (2010) calibration. Thus, we conduct growth accounting with three specifications:
EU KLEMS sector-specific investment price index
A constant decline in IT (20%), CT (5%) and software (4%) investment price indices plus the country-specific growth rate of the valued added deflator
A constant decline in IT, CT and software investment price indices of 10% plus the country-specific growth rate of the valued added deflator
The constant values in specification 2 are obtained from the mean price change for IT, CT and software investment relative to the mean change in the value added deflator in the US for the period 1990-2007. In specification 3, the 10% decline is the growth rate of the combined ICT price index relative to the mean change in the value added deflator in the US. 7 In order to obtain ICT output and input measures consistently, we need to adjust output prices for ICT-producing industries in cases 2 and 3. We follow the method by Inklaar et al. (2005) , who apply U.S. double-deflated value added deflators adjusted for differences in overall price levels: In addition to the discussion about alternative investment price indices, we decompose the contributions of ICT capital to labor productivity growth into changes in quantity, asset composition and quality of ICT capital. This is related to the use of hedonic price indices, which control for differences in quality. The real IT, CT and software capital stock based on (non-hedonic) acquisition prices is calculated as follows:
with p N ICT,j,t being the investment price index of non-ICT capital goods.We assume that p N ICT,j,t is a non-hedonic price index. With average price index growth rates between 1.2% (DE) and 4.3% (ES) for the period 1990 − 2007, this seems to be an appropriate assumption. Following approaches by Colecchia and Schreyer (2002) and Bassanini and Scarpetta (2002) , the weights for the calculation of a combined ICT capital stock index are now based on assumed purchase prices rather than on user costs as in equation (6):
The industry-specific growth rate of non-hedonic ICT capital stock ∆ ln S ICT j,t (i.e. capital quantity) is therefore calculated as follows:
In order to separate quality and compositional effects we need to calculate industry-specific growth rates of quality adjusted (hedonic) ICT capital stocks ∆ ln HS ICT j,t :
with ∆ ln A k,j,t the productive stock of asset k based on quality-adjusted prices as defined in equation (8). In contrast to the growth rate of ICT capital services defined in equation (5) the aggregation to hedonic ICT capital stock is based on nominal asset shares b
The growth rate of ICT capital quality ∆ ln Q ICT j,t is derived as a residuum:
ICT capital quality is defined as the difference between the growth rate of ICT capital stock based on hedonic prices ∆ ln HS ICT j,t and the growth rate of ICT capital stock based on non-hedonic prices ∆ ln S ICT j,t .
Changes in the composition of ICT capital ∆ ln C ICT j,t (i.e. changes in the share of different ICT assets) are again calculated as a residuum:
This is the difference between the growth rate of ICT capital services ∆ ln K 
Results
In this section, we discuss the growth accounting results under alternative rates of return and alternative investment prices as well as a breakdown of the ICT contribution into quality change, compositional change and quantity change. We present diagrams with results at the level of the market economy for the periods 1990 − 1995, 1995 − 2000 and 2000−2007 . Additional tables in the Appendix summarize results for the goods producing sector and the market services sector.
9 The sector electrical and optical equipment is listed separately within goods production because, analogous to ICT capital prices, we change ICT output deflators in our sensitivity analysis. In order to get an impression of the effect of sectoral contributions at the aggregate level, tables A.10 to A.12 list the sectoral contributions to growth in labor productivity in the market economy. The numbers clearly
show the transition to a more service-based growth that has been discussed in much of the literature. Between 1990 and 1995, the contribution to labor productivity growth is higher in goods production than in service production in all countries except Australia. Between 1995 and 2000, the contribution to growth from services is higher in most countries. In the UK and the US, it is more than the double of the contribution to growth from goods production. During 2000 − 2007, the contribution from services remains high in both countries, while it is about equal to less than the contribution from goods production in the five other countries.
Different Rates of Return
We compare growth accounting results with the EU KLEMS internal rate of return and an external real rate of return of 4%. Figure A .1 displays the nominal returns based on EU KLEMS and the external rate. Internal rates are always higher, implying that internal real rates exceed 4%. The highest nominal internal rates of return are observed in Spain and the US. Growth accounting results show that with the external rate of return, the contribution of capital to labor productivity growth is lower in most cases. The differences between both variants turn out to be higher for the contribution of non-ICT capital. For the ICT contribution, rates of return make less of difference because its user cost is dominated by the decline in ICT prices. If we regard our sensitivity analysis as an exercise to gauge the size of potential measurement error, differences in the capital contribution of around 5 to 30 percent appear large (Figures 4.1 to 4.3). But they remain small in most cases when compared to the differences in growth of labor productivity and MFP across countries. For the period 1990 − 1995, differences arising from the external rate of return are small at the level of the market economy in all countries except Spain and, to a minor extent, the US. We observe the most visible effect during 1995 − 2000 in the US and the UK ( Figure  4 .2 and Table A.2). In this period, the decline in the capital contribution is also notable for ICT. In US market services, the average decline in the contributions of ICT and non-ICT capital between 1995 and 2000 attains the same value of 0.18 percentage points (with, however, a higher overall level of the ICT contribution). With the external rate of return, MFP in US and UK market services increases by 0.31 and 0.39 percentage points. A similar increase, but at a much lower overall level, can be observed in Italy. In Germany, negative MFP growth in market services is reduced from −0.30 to −0.09 percentage points. In the other countries, the increase in market services MFP growth turns out to be lower. Looking at individual services industries, 10 we find that a broad range of services share the increase in MFP under the external rate of return in the UK. Changes in MFP growth above 0.3 percentage points are observed in trade, hotels and 10 Complete results are available upon request.
restaurants, financial intermediation and business services. In the US, large changes in services MFP growth are confined to financial intermediation and business services. In the business services sector of both countries, the ICT contribution to labor productivity growth declines by more than 0.4 percentage points with the external rate of return. Meanwhile, the level of the contribution remains high at more than 1.5 percentage points. Taken at face-value, the results for 1995 − 2000 would attenuate the frequently emphasized switch from ICT-driven growth before 2000 to MFP-driven growth afterwards. The results from our specification attribute more of labor productivity growth in the UK and the US between 1995 and 2000 to MFP growth. With the EU KLEMS internal rate of return, the ICT contribution exceeds the MFP contribution by more than 0.3 percentage points (see Table A .2). With the 4% external rate of return, both contributions are of similar magnitude. In this context, higher MFP growth is fueled to a large extent by a decline in the non-ICT contribution. The high capital contribution observed with an internal rate of return in UK, US and Italy results partly from a real rate of return that exceeds the benchmark value of 4%. During the period 2000 − 2007, moving to an external rate of return does not have a notable effect on productivity contributions in the overall market economy (Table A. 3). While differences between the internal and external rate of return are not smaller than in the previous period (see Figure 4. 3), the overall capital contribution is quite small and changes in the sensitivity analysis are also small in absolute value. Goods production in Australia, UK and the US experiences a relatively high effect. The overall change in the market economy is highest in Italy and Spain, where internal rates of return are known to be implausible (Oulton and Rincon-Aznar (2010) ). Sensitivity analysis with other rates of return (real 3%, 6%, average of short and long-term interest rate -results available upon request) shows that the impact of different rates on the capital contribution may be high relative to the contribution itself, but it is often small relative to aggregate labor productivity growth, especially before 1995 and after 2000. 
Different ICT Investment Prices
We now consider the effect of replacing the ICT investment price indices from EU KLEMS with average US values of price decline relative to the US value added deflator.We discuss two variants: the first introduces different price declines for IT hardware, software and telecommunications equipment, the second applies a unique rate of price decline of 10% to all ICT capital goods. Figure A .2 compares nominal price declines for IT hardware, software and communication technology resulting from the three specifications. The aim of this sensitivity analysis is to eliminate differences in the ICT contributions that result solely from differences in price decline, that is from presumed differences in embodied technical progress. When introducing a constant price decline to ICT inputs, we also introduce a constant price decline to the output of ICT production, which changes labor productivity. Since data are only available for the aggregated sector of the production of electrical and optical equipment, our adjustment should only be seen as a rough approximation. The columns LP ** and LP *** in tables A.4 to A.6 represent labor productivity with average US price decline for the electrical and optical equipment sector corrected for the difference in inflation between the US and the respective country. If average US investment price decline implies stronger technical progress than price decline in a given country or period, our procedure will raise ICT contributions. On the other hand, if output in ICT production is lower with national deflators, introducing average US price decline will raise it and, ceteris paribus, raise multi-factor productivity. In the period of 1990−1995, the effect on labor productivity growth in the sector of electrical and optical equipment turns out to be a lot higher than the effect on ICT contributions (Figure 4.4 and Table A.4) . Since the hedonic ICT prices in the US decline faster after 1995, taking the average over 1990 − 2007 raises price decline and ICT contributions before 1995. During 1995 − 2000, introducing average US price decline again has a high effect on labor productivity growth in the optical and electrical equipment sectors of all other countries (Figure 4.5) . This effect mainly drives the observed increases in market sector MFP growth (Table A.4). The effect on labor productivity in the ICT producing sector in the US itself is negative in this period. Meanwhile, we observe little systematic change in the ICT contributions to labor productivity growth. In most countries, the ICT contribution is lower with at least one variant of constant price decline. In Germany and Spain, the ICT contribution resulting from EU KLEMS data is higher than the ones obtained from both variants of constant price decline. The largest decreases of the ICT contribution are observed in Australia and the US. In Australia, changes in goods production and market services are of approximately equal size. In the US, the decline is mainly driven by market services (Table A. Table A .6, first two columns). These increases entail an increase in MFP, which is also observed to a lower extent in Australia, Spain and the UK. MFP in the US market economy declines with the introduction of our averaged price deflators, since labor productivity growth remains nearly unchanged and the ICT contribution rises.
As the sensitivity analysis with different rates of return, the results with alternative investment deflators show a lower contribution of capital deepening to growth in the US between 1995 and 2000 than the results from EU KLEMS data. Since, in addition, US MFP turns out to be lower after 2000, the alternative measures again reduce the contrast between ICT-based growth before 2000 and MFP-based growth afterwards. In both cases, the effect in market services plays an important role. However, the parallel between sensitivity analysis in rates of return and in investment prices only holds for the US, not for the UK. It may be related to the fact that we use average US price decline as a benchmark. The results have to be interpreted with some caution, since we did not harmonize prices for ICT imports and intermediates, which may have partially offsetting effects. The contribution of non-ICT is virtually unaffected by different ICT deflators. A few slight differences arise from changes on total capital income and thus in the income share of non-ICT capital. 
Contributions of ICT Capital Quantity, Composition and Quality
In the previous paragraph we examined how alternative ICT deflators representing alternative rates of embodied technological progress affect the contribution of ICT and MFP to labor productivity growth. In this paragraph we make further use of the information contained in ICT deflators in order to break down the ICT contribution into embodied technological progress (quality change), compositional change and quantity change. We do this for all three ICT deflators used. The most striking observation in all periods is that the joint contribution of quality and compositional change tends to exceed the contribution of quantity by the factor two or more (Figures 4.7 to 4.9). Some countries even experience a growth in ICT quantity close to zero while quality increases through the replacement of old capital (Austria, Germany and Italy exhibit a contribution of quantity change close to zero in 2000 − 2007, while the contribution of quality change lies around 0.2 − 0.3 percentage points.). Our results underline the importance of correctly reflecting the productive capacities of ICT in hedonic price measurement. The largest relative contributions of ICT quantity are measured in the UK and in the US between 1990 and 2000. During 1995 − 2000, the overall ICT contribution in these countries was very high. During 1990 − 1995, the contributions are similar to those observed in 2000 − 2007. But in the latter period, the share of ICT quantity in the total contribution is much lower.
Moreover, we observe that constant price decline across the three ICT assets largely reduces compositional change, although it does not completely eliminate it (except in 2000 to 2007, where it virtually turns zero in the third variant considered). Compositional change turns out to be small compared to the other two components. This is not surprising, since we consider compositional change only within ICT capital. Still, there is a clear pattern with contributions ranging from 0.01 to 0.12 percentage points in the first period (with the exception of the high value of 0. 
Conclusion and Outlook
We have investigated the role rates of return, rates of ICT asset price decline and changes in ICT quality play in explaining sources of productivity growth within a growth accounting framework. In order to conduct sensitivity analysis, we introduced a constant rate of return to capital and a constant rate of ICT price decline across sectors, countries and time. The main result is that both alternative measurements somewhat downplay the importance of investment relative to growth in multi-factor productivity (MFP) in fast growing countries of our sample during 1995−2000. Different rates of return mainly affect the contribution of non-ICT capital since user cost of ICT capital is dominated by its price decline. In addition, we show that more than half of the ICT contribution results from growth in quality and change in composition rather than from growth in quantity. In this sense, MFP growth may tend to understate the overall effect of technological progress. We do not conclude that the strong effect usually attributed to ICT and non-ICT investment in the UK and the US during 1995−2000 is necessarily the result of measurement error. But the results point to the fact that a sizeable part of the capital contribution can be attributed to returns to capital and ICT price declines that exceed our benchmark values, rather than to the quantity of investment alone. On the other hand, the qualityquantity decomposition reveals that the relative influence of ICT quantity is high if the overall ICT contribution is high. One reason is that increases in the capital stock are larger and pure replacement of depreciated capital plays a lesser role in this case.
This analysis could be extended in different directions. Instead of using a constant real rate of return to capital, one may consider more realistic measures of capital cost. Although some studies have already introduced such measures, the capacity of external rates of return to reflect differences in the marginal product across countries and over time has not been investigated in detail. Another extension of this work consists of introducing additional assumptions in order to identify the possible effects of non-constant returns to scale and mark-ups on MFP growth. The results on ICT contributions to growth, especially the large contribution of a change in ICT quality, underline the necessity to further develop quality-adjusted measurement and to better understand its implications for macroeconomic analysis. 
A Appendix
